Abstract. The flow of various liquids and gases over single-walled carbon nanotube bundles induces an electrical signal (voltage/current) in the sample along the direction of the flow. The electrical response generated by the flow of liquids is found to be logarithmic in the flow speed over a wide range. In contrast, voltage generated by the flow of gas is quadratically dependent on the gas flow velocity. It was found that the underlying physics for the generation of electrical signals by liquids and gases are different. For the liquid, the Coulombic interaction between the ions in the liquid and the charge carriers in the nanotube plays a key role while electrical signal generation due to gas flow is due to an interplay of Bernoulli's principle and Seebeck effect. Unlike the liquid case which is specific to the nanotubes, the gas flow effect can be seen for a variety of solids ranging from single and multi-walled carbon nanotubes, graphite and doped semiconductors.
Introduction
The nanotubes with their rolled-up graphene surfaces provide large surface area in atomic contact with the flowing electrolyte across the solid-liquid interface. The one-dimensionality of the conducting nanotube further facilitates charge-carrier entrainment. Thus any momentum transfer (direct or mediated) will cause the charge carriers in the nanotubes to scatter in a preferential direction along the axis, resulting in a finite electrical current. It was observed that the flow of liquid over a mat of single-walled carbon nanotube (SWNT) bundles generates electrical signals [1, 2] . The observed voltage fits well to an empirical logarithm function of the liquid flow velocity (u L ). The magnitude of the flow-induced signals depends significantly on the ionic strength of the flowing liquid. This suggests that the mechanism involving direct driving of the charge carriers in the nanotubes by fluctuating Coulombic fields dominates over the other mechanism involving mediated transfer of momentum to the nanotube charge carriers, say via phonons. In this paper, we present new data related to (i) the dependence of electrical signal on the ionic concentration and length of the sample and (ii) application of our nanotube sensor to the study of unsteady flows.
Following our experiments on liquid flow, it was only natural to ask the question: Will a similar effect occur in carbon nanotubes due to the flow of gases as well? We found that the gas flow over nanotubes also generates electrical signals. However, this effect is not unique to nanotubes and occurred for a wide variety of solids, including single and multi-walled carbon nanotubes, doped semiconductors and metals [3] . The range of gas velocities covered in the experiments was 1-140 m/s. The voltage and current depend quadratically on the flow velocity; and the magnitude and sign of the voltage depend on the properties of the solid. These results will be briefly reviewed.
Generation of electrical signals by flow of liquid over nanotubes

Experimental details, results and some applications of the flow sensor
The SWNT bundles were prepared in Prof. Rao's laboratory by the electric-arc method followed by purification processes [4] . The randomly oriented nanotube bundles, with an average tube diameter of 1.5 nm, were densely packed in a groove between two metal electrodes. The construction of the sensor is schematically shown in figure 1a (this has been discussed in detail in Ghosh et al. [1, 2] ). When the sample was immersed in water at rest, a voltage developed along the sample due to an electrochemical potential difference at the interface of the SWNT bundles with
